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Figur 1. Billeder fra tre termografikameraer placeret i 12 meters højde på Gl. Torv i Aalborg. 
INDHOLD
Denne artikel præsenterer resultater fra forsknings- og innovationspro-
jektet: Effektlys, støttet af Innovationsnetværket: Dansk Lys. Projektet 
er udført som et innovationsprojekt, i perioden 2011-2013, mellem Ri-
egens, Alfred Priess, Team Tronic og Aalborg Universitet. 
Projektet har gennem to eksperimenter undersøgt, hvordan forskellige 
sensorstyrede belysningsstrategier påvirker byens sociale liv. Som en del 
af projektet har forskere og virksomheder udviklet teknologiske værk-
tøjer til tracking, design, styring og regulering. Disse er implementeret 
i to fuldskala eksperiment setup i Aalborg og en showcase ved Media 
Arkitektur Biennalen i Århus 2012. 
Resultaterne er publiceret i et tværfagligt videnskabeligt felt på peer-
reviewed konferencer inden for arkitektur (Poulsen et. al. 2012b), lys-
design (Poulsen et. al. 2013), interaktionsdesign (Skouboe 2013) og 
computer science (Poulsen et. al. 2012a). Denne artikel vil give et over-
blik over metoder, teknologier og resultater relateret til innovations-
projektet. 
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Figur 2. Billede af Gl. Torv setup i dagstid.
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”Smart city” er blevet et begreb som flittigt bliver brugt af progressive 
planlægger og politikere, når de skal beskrive, hvordan teknologiindu-
strien kan hjælpe med at effektivisere vores eksisterende byer. Begrebet 
”smart” forudsætter en intelligent brug af teknologiske løsninger i byer. 
To eksempler er som Songdo i Syd Korea og Masdar i Abu Dhabi. Begge 
disse  byer bruger teknologier til at gøre deres byer mere effektive og in-
telligente. Her kan byens dynamikker overvåges, fjernstyres og således 
kan energiforbrug for trafik flow effektiviseres. Denne strategi beskæf-
tiger sig kun indirekte med byliv eller interaktion mellem mennesker, 
og derfor kan den ikke stå alene som en smart løsning for indretningen 
af belysningssystemer i byen. Med de nye dioder åbnes helt nye mulig-
heder for styring og regulering, hvilket udfordrer fundamentale funk-
tionelle, sociale og æstetiske dimensioner af vores eksisterende belys-
nings løsninger. Nuværende løsninger negligerer byens liv til fordel for 
et effektivt strømlignende rum, der mest af alt minder om Foucoult´s 
visioner om panoptikon. Innovationsprojektet Effektlys skaber ny vi-
den i et tværfagligt felt, hvor nye teknologier udvikles til at undersøge 
om responsive belysningsstrategier kan skabe et beriget socialt byliv.
Figur 3. Billede fra kontrolrummet ved Gl. Torv eksperimentet.
Den cykliske model 
For at etablere en fælles eksperimentiel platform, der gør det muligt at 
samle projektets partnere om videns- og produktudvikling, bruges den 
cykliske model. Denne model udspænder et tværfagligt felt mellem ar-
kitekter, ingeniører, lysdesignere, sociologier og interaktionsdesignere. 
Figur 4 viser et simpelt feedback loop, hvor en række sensorer optager 
data i et offentligt miljø. Dette data sendes ind i en logisk maskine (pro-
cessor) der ved hjælp af algoritmer formaterer dataen til information, 
som ex. bevægelseshastigheder, bevægelsesretninger, opholdstid, tem-
peratur, vindretning osv. Efterfølgende sendes denne data dels til en da-
tabase, så information kan evalueres af planlæggere eller lysdesignere, 
og dels til styring af lyset. Det er her lysets opførsel og udseende er de-
fineret. Dette felt er nyt og skal behandles med den samme følsomhed 
som belysningsplaner og arkitektur praktiseres. Efter disse processer 
sendes signalet i output, hvor styringssignalet sendes ud i en protokol, 
og til sidst ender det som den resulterende belysningsintensitet i lam-
pen. Denne lysintensitet oplever borgeren, når han/hun bevæger sig 
gennem byen. Det er i dette lys vi oplever byen og bylivet. Det er også 
denne belysning vi bliver set i, således iscenesætter den borgernes dag-
lige liv i mere eller mindre sociale, smukke og energieffektive byrum. 
Hver punkt i den cykliske model indeholder en forsknings- og innova-
tionsdybde, der har potentialer for fremtidens intelligente belysnings-
løsninger. Fra udvikling af nye hardwareløsninger i sensorindustrien, 
nye lyskilder, nye designideer til nye måder at bruge belysningen. Alle 
disse domæner er vigtige studier i udvikling af fremtidens intelligente 
belysningssystemer. Et hvert innovationsprojekt må udfordre state-of-
the-art i et af disse domæner, det er vigtigt at understrege at computer 
scientists, arkitekter eller interaktionsdesignere ikke kan løse denne 
opgave alene, men at det er gennem et tværfagligt samarbejde mellem 
specialister i forskning såvel som i praksis at fremtidens produkter og 
services vil opstå. Figur 5 viser teknologier benyttet i Gl. Torv eksperi-
mentet.
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Figur 5. Den cykliske model, hvor teknologier og teknikker fra Gl. Torv eksperimentet er indsat
Figur 4. Den cykliske model
Eksperimenter. 
Dette afsnit vil præsentere resultater fra to eksperimenter udført  i 2012 
og 2013, på Kennedy Plads og Gl.Torv i Aalborg. De to fuldskala ekspe-
rimenter benyttede samme eksperimentielle setup: 14 LED RGB park-
lamper opstillet på pladsen samt tre termiske kameraer (Axis Q1921-
E), monteret i 15 meters højde på en nabobygning. Specieludviklede 
trackingteknikker gjorde det muligt at optage forbipasserendes bevæ-
gelsesmønstre. Information fra de termiske kamera tillader imidlerti-
dig ikke indentifikation af individer - kameraer er således brugt som 
en avanceret bevægelsessensor. Ved at analysere videomateriale fra de 
termiske kameraer, kan menneskers position, hastighed, retning, op-
holdstid og gruppering følges automatisk. Dette input bliver dels be-
nyttet til at styre belysningen på pladsen og dels gemt i en database. 
Bevægelsesdataen kan analyseres, og sammen med observationer fra 
testperioden, kan lysdesignere, forskere, arkitekter eller byplanlæggere 
evaluere, hvorledes forskellige response scenarioer påvirker bylivet på 
pladsen.
Som output er parklamperne udstyret med specialudviklet DMX styret 
RGB LED belysning. LED modulet bruger 18 watt ved fuld styrke og 
består af seks 1 watt dioder i hver farve rød, grøn, blå. Modulerne er 
monteret i et armatur som kaster lyset indirekte ned på belægningen. 
LED modulerne er koblet til et DMX modul og en strømforsyning som 
er placeret inden i masten på hvert armatur. Lamperne er monteret på 
3,5 m høje master med et mobilt fundament, som tilader dem at blive 
placeret strategisk på pladsen. I eksperimentet på Gl. Torv blev det eks-
perimentielle setup udvidet med en ultralyd vindsensor (Wind sonic 
SSDI-12), som var placeret midt på pladsen samt en Android smart 
phone applikation. Disse nye hardware løsninger gjorde det muligt at 
optage vindens hastighed og retning på pladsen og samtidig styre lyset 
på pladsen. Mobilapplikationen gjorde det muligt for brugerne at være 
i direkte interaktion med lyset på pladsen. Figur 7. viser forsøgsområ-
derne på Gl. Torv og Kennedy plads i Aalborg.
  
 
Figure 3. (a) Lamp fixture and (b) LED RGB Diode light 
source. 
SYSTEM DESCRIPTION  
Along this movement-through pathway, we placed 14 
RGB LED lamps in three rows (see Figure 2). The street 
lamp is composed of a 70 cm tall Riegens Ray light 
fixture, (see Figure 3a), a 3.5 eter tall light post and a 
60x60 cm concrete tile foundation. An LED module 
containing 18 1W LEDs, six in each color (RGB) was 
mounted in the bottom of the light fixture (see Figure 3b). 
The LED module is co nected to a DMX module and 
power convert inst lled inside the lamppost. This module 
enables a 0-5 step brightness control of each led color as 
well as a unique address for each lamp. To monitor the 
activity on the square three thermal cameras type Axis Q-
1921-E, with a 19mm lens, was mounted at 12 meters 
height on one of the buildings facing the square. The 
cameras covered the main transit area connecting the 
main shopping street with parking places (see Figure 2). 
In addition, we employed a 2-axis ultra sonic wind sensor 
(Wind sonic SDI-12) placed at the center of the square. 
These hardware initiatives support the collection of 
situated wind and movement data on the square. To 
capture a person’s own design and allow for direct user 
interaction with the lighting a android mobile application 
was developed. (see Figure 5).  
 
Figure 4. Light design software, the red dots is people, the 
black, lamps.  
Light Design Software 
The light design tool is the backbone of the light control. 
From here the light behaviors are defined and initiated. 
The program is developed using Open Frame Works, 
which allows administrators to view and select different 
predesigned light behaviors for ambient and effect 
illumination. The software receives positions, groupings 
and splitting from the computer vision software via the 
Open Sound Control protocol (OSC). These are indicated 
with red dots (see Figure 4), it is possible for the 
technician to place the lamps on a top-view of the square. 
Black dots indicate the lamp positions, the numbers 
indicate their address and the surrounding white circle 
shows the intensity and color of the light. The Light 
design tool output opens DMX, via an Ethernet Artnet 
DMX controller. The software are uses a layered response 
strategy to overlay different patterns, allowing interaction 
designers to address situations without people with 
ambient/default illumination strategies and effect 
lightings that triggers in relation to people’s occupancy 
patterns. This strategy is further described in section 
Responsive light strategy and this is available for mobile 
phone users, using the Android Light Application. 
 
   
a) Ambient lighting     b) Peoples aura        c) Simulation 
Figure 5. Three step user interface for designing public 
lighting. The interface allowed people to configure a) 
Ambient lighting: colour, intensity and pulse speed b) 
Peoples aura: radius, color and intensity of the light around 
people c) Simulation: shows how the light would behave 
when a person goes over the square. 
Light application for Android phones 
The Light Design application is a tool developed for 
Android Smart phones that allows users to adjust the 
color, intensity and behaviors of the ambient and the 
effect lighting on the square (see Figure 5 for interface). 
Users were guided through the design process in four 
steps: ambient lighting design, design people’s aura, 
simulate and submit (See figure 5). First the user had to 
configure the ambient light; the light experienced on an 
empty square. At the top of the display, a simulation of 
lighting displayed color, intensity and pulse speed, 
changing as the parameters were adjusted in the menus.  
Next, the light around the people who enter the square 
needed to be configured. Using the same procedure; color, 
intensity and radius of aura could be adjusted and 
displayed. Then, a simulation showed the user how the 
light would behave. Once s/he was satisfied with the 
settings, s/he could submit the design. The settings were 
uploaded to an xml database that controlled the light 
scenarios via the light design tool. After one minute the 
Figur 6. Lampe og RGB LED modul 
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(a) Overview of the Kennedy square without the lamps, seen from the
position of the thermal cameras.
(b) Kennedy square with the lamps at daytime. The main train station
in the background.
Figure 1: Kennedy square in the city of Aalborg in Denmark.
Figure 2: Overview of the Kennedy square with the 16 lamps,
seen from the position of the thermal cameras.
to what level does I feel like participating? As performer, actor or
just a passive observer enjoying the show? More external stimuli
are constantly affecting our choices and engagement in the event,
(weather, social norms, economy etc.) these internal and external
conversations is a keystone in the understanding of systems and
knowledge produced within them [21]. Another example is MY
Studios Low Rez reactive sound poles [18], which is a spatial se-
quencer, allowing the by-passer to compose different sound-scapes.
This installation has proven to be a mediator for vivid interactions
between performers and observers of the event [25].
Within the contemporary art field Philipe Beesley [2] pushes the
exploration of responsive environment inspired by reaction patterns
in nature, exemplified in the art installations Endothelium and Hy-
drozoic. In these Beesley explore how he, inspired by nature, can
design artificial life forms that produce life like behaviors and ap-
pearances, this artistic approach motivate a series of internal con-
versations; What is this? Is it a life? I am just a significant small
part of the interaction pattern, but still I affect the ecology like be-
havior etc. Thus the installations are not build to be interactive
toys but rather responsive environments, where relations and in-
terdependencies are to be explored. In the project Dune [4] the
artist Daan Roosegaarde brings a 60 meter long permanent reactive
light and sound installation into the landscape along the Mass river
in Rotterdam. The installation consists of thousands illuminating
light straws that react in different behaviors. Similar to Beeslys the
behavior of the lighting is inspired by natural mechanisms, hence
it can be scared, excited, curios. Within the last decade these and
many other art installations represent cases in the emergence of a
new artistic expression in media, interactive and installation art that
has proven a creative aesthetic, social and architectural potential for
a design discipline concerned with feedback between humans and
environments.
Within the industry of lighting, firms like Echelolon [5] and Philips
[13] has entered the development of technologies for large-scale
control systems of outdoor lighting. They contribute to the develop-
ment of tools and techniques for new types of light designs, which
open the window into the design of behaviors of the light. Within
the larger urban perspective notions of the smart grid [6] also sup-
port this trend of a more efficient and intelligent energy use. This
responsive paradigm is deeply related to the discipline of design.
This study will focus on the development, implementation and
investigation of interactive urban lightings. It is motivated by the
fact that in the coming years urban illumination will change from
light sources based on mercury or similar technologies into Light
Emitting Diodes (LED) or other less energy demanding light sources.
Especially LED light sources is from a control point of view inter-
esting as they will open for new ways to control the illumination,
allowing designers and engineers to develope interactive light set-
tings that for example dim or change color in real-time.
To fully release this potential it will be necessary to automati-
cally monitor the activity in the urban environments. This task is
very difficult and can be solved at various levels of detail. In the
fully monitored situation a persons status of mind could be esti-
mated, as being glad, sad, busy, relax etc. This is, however, at
the moment not feasible with the current sensing technologies and
models for human behavior at hand, which will require front views
and high resolution images of the face [20, 17]. However, com-
puter vision technologies has developed so it is now possible to
track peoples trajectory in urban environments and in this context
especially newer thermal imaging cameras has shown promising re-
sults [26]. In this study we will utilize recent results within thermal
340
Et lysstyringssoftware blev udviklet, som e  rygrad i projektet. Det er 
her lysscenerierne bliver defineret, finjusteret og udviklet. Figur 8 vi-
ser interfacet på softwaren, hvor positioner fra tracking softwaren er 
modtaget og visualiseret som røde pletter. Sorte cirkler indikerer pla-
ceringen af lamperne, mens den farvede ring rundt om lampen viser 
lysintensitet og farve på lyset. Lysstyringssoftwaren sender Open DMX 
via en Open Ethernet Artnet DMX controller ud til DMX modulerne i 
lampern . Ved at saml  dataen i et software, er det muligt at styre lysets 
farve og intensitet i relation til trackingen og telefoner på samme tid. 
Alle responsive lysscenarier er programmeret i software og således til-
lader det forskere t ændre belys ingsintensitet eller lysscenarie.
I forsøgene blev styringen delt op i tre lag; et ambient-, et effekt- et 
resulterende belysningslag. Det ambiente lag beskriver belysning af 
pladsen uden mennesker. Effektbelysningen beskriver belysningen af 
pladsen med mennesker og den resulterende belysning lægger disse 
to sammen til den samlede belysningsintensitet, som sendes via DMX 
ud til lamperne. For mere teknisk gennemgang af de specialudviklede 
tracking og styringsværktøjer henvises til: Poulsen et al. 2012a, Skou-
boe et. al. 2013).  Den næste del vil kort summere resultaterne. 
Figur 7. Venstre: Kennedy plads i Aalborg set fra kameraernes position, Højre: Gl. 
Torv set fra Budolfi kirke.
  
    
           1 (a) Gl. Torv                1 (b) Thermal cameras  
Figure 1. a) Picture of Gl. Torv taken from Budolfi Church, 
the t ermal camera  was mounted at the corner of the 
Yellow buildi g as marked on figure 1a. 
 
RELATED BACKGROUND  
Expl ring the field of responsive control systems began in 
th  early 1960s wit  pioneers such as Norbert Wiener 
[34], Gorden Pask [24] and Heinz Von Forster [5] leading 
cyberneti  research as  theoretical and experimental 
research field. Since then and expanding upon this early 
work, many art i stallations have been produced. 
Examples inclu  Lorenzo Hemmer’s light installations: 
Ho ogr phies, [21] Pulse Room and Body Movies [1]. 
These inter ctive art installations have found their way 
into the contemporary art scene, and present alternative 
solutions for a new performative art form, that holds 
unique performative capacities [31]. In contemporary art 
there lies a wide performative potential, however the 
installations often favor a temporal event-oriented 
context, and the qualities are not part of everyday life 
situations, as we find with public lighting scenarios.  
In the field of public lighting much research has been 
done with crime prevention strategies [3], color 
temperature [6] and sustainable intelligent light solutions 
[22]. In the field of urban screen and interaction design 
Schroester’s work [28] with citizen engagement and 
Wiethoff & B öckner’s exploration of the impact of 
coloured light [33] demonstrate how media screens can 
work as central drivers for social interactions. Few studies 
address everyday life scenarios using the mobile phone 
and a Human Computer Interaction (HCI) perspective 
with adaptive urban lighting in public spaces.  
Within computer science, social signal processing [3, 7, 
25] has become an established research field pushing the 
boundaries of computer vision analysis. In this domain 
new knowledge has produced automated systems for 
detection of occupancy patterns [27], speed, and gestures 
[28], which enriches knowledge about activities in places. 
Combining these tendencies with cloud computing, 
enables bypassing data structures to enrich the local 
protocol with situated data. Additionally, these datascapes 
can inform lighting systems, enabling highly responsive 
public lighting. We note a gap between the knowledge 
produced in artistic performative light installations, 
market driven innovations and everyday life needs.  
Full-scale experiments, such as; Responsive Urban 
Lighting [26] indicate that everyday life situations on the 
city square are largely dominated by space routines [2, 
10] and that responsive lighting held special aesthetic and 
social qualities for the everyday users and long term users 
of the square. This research continues and extends these 
earlier studies [26] by adding mobile phone interactions, 
occupancy patterns displayed in intensity of white light 
around people and wind sensitive lighting strategies. 
Additionally, the temperature rose from -10 C to +10 C, 
so testing conditions for the use of public spaces changed 
from the early study. This study contributes to the field of 
mobile human computer interactions by addressing three 
different responsive light strategies in the same public 
space, allowing for a comparison of three different 
response strategies. The first, are focused on 
environmental and ambient inputs, second occupancy 
adaptive lighting and third; using mobile phone 
interaction to allow by-passers to design “their own” 
interactive light design using position data from the 
thermal camera tracking and input from mobile interfaces.  
 
EXPERIMENTAL ENVIRONMENT 
The experiment was located at Gl. Torv Square (see 
Figure 1a) in the city of Aalborg in Denmark. During the 
17-day experiment the temperature fluctuated between 10 
and 15 degrees Celsius. The sky was mostly overcast with 
occasional showers. However, as this weather is typical of 
a Danish late summer, this did not deter residents from 
stepping outside. The square is located in the historical 
center of the city, surrounded by buildings, such as: 
Budolfi Church (1300 AC.), the City council (1762 AC.) 
and the Student house (see Figure 2). The square 
primarily serves as a transit space between these sites and 
as a thoroughfare to the main streets. The topography of 
the square is slightly inclined, such that people standing 
on the top plateau are looking down on the people moving 
over the square, much like an urban theater setting. 
 
Figure 2. Map of Gl. Torv the coloured lines shows the area 
covered by the 3 cameras. Black dots indicate placement of 
lamps. A: School of Architecture, B: Student house, C: 
Parking, D: access to the center.  
Figure 5: Snapshot of the iPhone application by which it was
possible in real-time to see the result of the computer vision
tracking and the resulting control of lamps. It was also possible
to manually control the lamps by the app ication.
(a) Thermal image. (b) Binary image.
Figure 6: Example of the thermal input image and resulting
binary image from one camera view.
As input to the illumination system real-time information about
the position and velocity of people at the square should be found.
The experiment is conducted in outdoor environment running con-
tinuously for a week. The temperature naturally changes, which
gives a slowly changing background. Therefore it is chosen to per-
form a running average background subtraction as the first step in
detecting people [23]. The background will be updated with selec-
tivity, meaning that only if the pixel is segmented as background it
will contribute to the new background:
Bt+1(x, y) =
{
αFt(x, y) + (1− α)Bt(x, y) if Ft(x, y) background
Bt(x, y) if Ft(x, y) foreground
(1)
where Bt is the current background, Ft the current input image,
α the learning rate and Bt+1 the new background image.
As the experiments take place at a urban space with limi ed car
access, it is assumed that all activity detected is human activity of
interest. The difference image produced by background subtraction
is binarised with a threshold value of 10. The resulting BLOB’s
with area of minimum 10 pixels are considered objects of interest.
The detected objects must be apped to real world coordinates
at the square in order to correspond to the lamps positions. The
mapping is calculated using a homography matrix [3]. This matrix
can be calculated using at least four corresponding points in image
and world coordinates. Since the camera views are not aligned,
a mapping must be calculated for each individual view. Figure 7
illustrates the mapping from image to world plane.




















Figure 9: Occupancy map of the square counting number of
observed persons in 1x1 meter cells sampled per 10 second.
For this purpose of illumination control from tracking data, groups
of people should be considered as one object. The individual ob-
jects detected are grouped using single linkage clustering [12] with
a distance threshold of 3 meters. This grouping also ensures that
an imprecise segmentation, resulting in one person split in more
BLOB’s, or more persons found in one BLOB, does not change the
result, as they will be treated as one group anyway.
In order to determine stable positions and velocity of the groups,
a Kalman filter is applied to track the groups [27]. Splits and merg-
ing of groups are handled based on the distance between predic-
tions of group tracks.
From the analysis it is now possible to estimate trajectories of
persons on the square. Figure 8 shows the results of such trajecto-
ries in (a) for one minute, (b) two minutes, and in (c) the velocities
v ctors for persons walking on the squa e for a period of one hour.
This information may also be illustrated by how the square is oc-
cupied, that is not taking the motion of the persons into account.
Such an occupancy map with a resolution of 1x1 meter for 24 hour
is illustrated in figure 9 sampled for every 10th second.
In this way it is possible to both get information about the instant
motion of people on the square and accumulated motion over time.
The first information may be used for instant control of the illumi-
nation whereas the later representation can be used for placement
of lamps, that is the physical design of the illumination setup for a
given urban environment, and to design basic illumination accord-
ing to how the area is being used.
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Figur 8. Billede af interfacet i lysdesignsoftwaret.
Eksperiment: Kennedy plads 
Det første eksperiment blev udført på Kennedy plads i Aalborg, januar 
2012. Pladsen er en central plads, som bliver brugt til ophold om som-
meren. Om vinteren bliver pladsen primært brugt som transitplads, der 
forbinder banegården, busstationen og den centrale by. Eksperimentet 
blev udført i januar måned ved temperaturer mellem -5 og -10 grader 
C. Fire forskellige responsive belysningsscenarier blev testet: Referen-
cebelysning, Hvid aura, Glødende lys og Rød skattejagt. 
Referencebelysning var en statisk belysning med 80% hvidt lys. Denne 
belysning skulle simulere en traditionel pladsbelysning, og ved at sam-
menligne folks opførsel i de andre eksperimenter, giver dette en indi-
kation af, hvordan den enkelte belysning påvirker menneskers brug af 
pladsen. Under hvid aura scenariet, fulgte en 10 meter cirkel af hvidt 
lys fodgængeren rundt på pladsen. Således trak folk, der bevægede sig 
over pladsen, linjer af lys efter sig.  Under glødende lys scenariet ul-
mede lamperne mellem 0-100%, dette gav liv på pladsen og samtidig en 
væsentlig strømbesparelse. Det sidste scenarie var Rød skattejagt, hvor 
pladsen var belyst i et rødt lys, mens to blå lamper indikerede placerin-
gen af en ”skat”. Når disse områder blev aktiveret ville en bølge af hvidt 
lys løbe over pladsen. 
Forsøget løb i den sidste uge af januar med flere hundrede forbipasse-
rende på pladsen. Mellem kl. 17.00-20.00 blev de forbipasserende ob-
Figur 9. Billede af en mand der går over Kennedy plads under hvid aura scenariet.
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serveret fra kanten af pladsen og usædvanlige sociale situationer blev 
noteret.Ydermere blev folk interviewet, når de var kommet over plad-
sen. Ud fra kvalitative interviews og observationer samt kvantitative 
bevægelseskort, kan vi sige at borgerne i almindelighed ikke ændrede 
deres bevægelsesmønstre eller brug af pladsen, motiveret af de forskel-
lige response strategier. Og vi kan ydermere konkludere at borgerne 
ikke brugte, hvad vi havde designet som ”legende” belysning. Dette kan 
skyldes en manglende evne til at designe inspirerende lege, men det kan 
også skyldes den lave temperatur, som får folk til at bevæge sig mere 
målrettet i byen. Vi kunne derimod observere, hvordan borgere på kan-
ten af pladsen stoppede op og pegede mod andre borgere der bevægede 
sig over pladsen. Gennem interview af beboere i de naboliggende lej-
ligheder, kunne vi forstå at belysningen have givet pladsen mere ”liv”, 
fordi man kunne se mennesker på en anden måde. Belysningen gjorde 
at naboerne lagde mere mærke til mennesker på pladsen. Vi kan såle-
des konkludere at en dynamisk pladsbelysning indeholder nogle nye 
æstetiske og sociale byrumskvaliteter. Vi kan også se at energiforbruget 
ændrer sig i forhold til brugen af pladsen. Eks. blev energiforbruget 
nedsat med 90% i ”hvid aura” scenariet.
For at læse mere om dette eksperiment anbefales disse artikler:
(Poulsen et al. 2012a,  2012b )
Figur 9. Billede af en mand der går over Kennedy plads under hvid aura scenariet.
Eksperiment: Gl. Torv
Det andet eksperiment blev udført på Gl. Torv i Aalborg. Gl. Torv er li-
gesom Kennedy plads en transitplads, som folk passerer, når de bevæger 
sig fra syd- og sydøstsiden af byen mod centrum. Studenterhuset, Bu-
dolfi kirke og Arkitektur & Design er naboer til pladsen, hvilket betyder 
at unge studerende mellem 16 - 30 bruger pladsen når de skal til koncert 
i studenterhuset. Pga. de høje boligpriser i midtbyen er lejlighederne 
omkring pladsen primært befolket af ældre, som har deres daglige gang 
eller udsigt over pladsen. 
Eksperimentet blev udført en typisk skandinavisk sensommer septem-
ber med temperaturer mellem 10-15 grader C. Dette betyder at folk 
stadig kunne opholde sig i byen og dermed skabes en anden klimatisk 
situation end den fra Gl. Torv eksperimentet. Fire forskellige responsive 
belysningsscenarier blev testet: Referencebelysning, adaptiv belysning, 
brugerdesignet lys (mobiltelefon) og en vindfølsom belysning. Referen-
cebelysningen præsenterede en jævnt oplyst plads med 80% hvidt lys.  
Den adaptive belysning brugte aktivitetsniveauet fra dagen før, til at be-
stemme lysintensiteten af rød, dvs. at områder med lange opholdstider 
havde mere rød end områder med høj transit. Når en person gik ind på 
pladsen vil lyset ændre sig fra rød til hvid i en radius på 5 meter om-
kring ham, ligesom i Hvid aura scenariet fra Gl. Torv.
Figur 9 viser et billede fra belysningsscenariet.
Den brugerdesignede belysning inviterede brugeren til at bestemme 
Figur 10. En pige der spontant giver en catwalk i det adaptive lys, der skifter fra rød 
til hvid når hun bevæger sig over pladsen.
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farve og opførsel på den responsive belysning. Dette gjorde de ved at 
downloade en applikation til deres smartphone, og ved at følge en 3- 
steps guide, var de i stand til at uploade deres sekvens som 5 minutters 
”show time”. Sidst blev der udviklet et responsivt vindscenarie, hvor ret-
ningen og hastigheden på vinden informerede hvide bølger af lys, der 
rullede hen over pladsen i en bestemt retning og hastighed i forhold til 
vindens intensitet.
Eksperimenterne blev  afholdt over 17 hverdage, 2 dage til reference 
scenarie og 5 hverdage til hver af de andre scenarier. 122  brugere blev 
interviewet, mere end 1000 mennesker bevægede sig over pladsen og 
126 brugte tid på at designe og uploade et scenarie. Observationerne 
var udført mellem kl. 20-22 i hverdage. Vi observerede ingen synlig 
forskel på folks opførsel i referancescenariet. Derimod noterede vi en 
række usædvanlige opførsler i den adaptive belysning: Piger der tager 
jakken af og giver en cat-walk på midten af pladsen (Figur 10), drenge 
der løber som flyvere på pladsen, eller ældre der går zig-zag tur med 
deres hund, en mand der udforsker belysningssystemet gennem en 
danselignende opførsel (Figur 11) og folk som stopper på afstand, pe-
ger og ændrer retning. Disse situationer er helt tydeligt katalyseret af 
belysningen og dermed kan vi konkludere at den responsiv belysning 
skaber en ny form for aktivt byliv, hvor responsive belysning iscenesæt-
ter den forbipasserende - nogle tager rollen som performer, andre som 
observatør. En af de adspurgte havde denne beskrivelse af mødet med 
belysningen:
”Jeg synes faktisk at det er interessant at observere andre mennesker, 
som har opdaget at lyset tilpasser sig til deres bevægelser. De leger 
med og det giver dig lyst til at lege med, men når man ikke bruger 
interaktiviteten i legen virker lyset jo stadig som en helt almindelig 
gadebelysning. På en måde provokerer lyset til en reaktion mellem 
mennesker, så de vil ændre adfærd – det er sjovt.” (mand i 30’erne)  
  
conclude that people did find the concept very inspiring. 
We believe that if mobile public light interaction cultures 
were more developed, interaction between streetlights and 
people would open new and interesting discussions of 
ownership, participation and long-term interaction effects. 
However, here people used and played with the adaptive 
lighting in an intuitive and creative ways. We can 
conclude that the learning curve on mobile applications 
for light design is not obvious to the passers by, and that 
“just responsive” light is easier for people to understand. 
So saying, once involved, most users were generous with 
their time and followed the steps through to the 
completion in order to design their lighting display. 
Design processes often included discussions on favorite 
colors and behaviors. Most people who had designed a 
light behavior stopped and waited for their 'show time' to 
begin. However, some left earlier, and did not have the 
extra one-minute waiting time to see their lighting 
displayed. Many expected the lighting to change in a 
realtime interaction with the phone, so the researcher 
needed to guide them through the design process.  
During the experiment we observed an extreme display of 
different, even “unexpected” behaviors afforded by the 
changing light. For example, we noted flying gestures, 
running, dancing, skating etc. (see Figure 10,13). Based 
on 5 days observations of people’s interaction patterns in 
both mobile phone controlled lighting and autonomous 
adaptive lighting confirmed that these unexpected 
behaviors were not triggered by the mobile phone 
interactions, rather they resulted from a more direct and 
embodied interaction with the adaptive light.  
When observing the movement patterns over the square 
during the mobile application scenario (see Figure 13), we 
can see that the majority of people are still moving in the 
same pattern as shown earlier in Figure 6. However, we 
note a higher tendency for greater concentrations of 
arrows indicating that people have stopped on a single 
spot. The stopping place is often on top of the stairs, an 
observation also made by William Whyte when 
describing the meeting places of people in New York 
[31]. In this case, 126 people were standing with their 
mobile phones and their guide designing light scenarios.   
Adaptive lighting  
During the adaptive lighting scenario, the illumination 
around the people changed from red to white in a radius 
of 5 meters, producing white lines of light after people 
when they moved over the square. “Unexpected” or not 
usually seen behaviors such as flying gestures, running, 
performing a cat walk routine, investigating the tracking 
technology by using the left foot to trigger the color 
change in the lamps, and dancing were commonly 
observed during the experiments (see Figures 10, 13).  
We observed and recorded a series of “dance-like” 
behaviors, where people used their bodies to trigger the 
lamps in sequences they enjoyed. In this way, the light 
literally became the stage setting for their performances. 
These “extroverted” behaviors then caused others to stop, 
point and exchange words, producing a series of 'social 
chain reactions' for the performers, passers-by and for the 
neighborhood observers. One of the passers-by described 
the experience: “I especially think it is interesting to 
observe other people, who realised that the light responds 
to them, they play with the light and it makes you want to 
engage, but when you don’t get the interactivity, then the 
light is not that funny, but more ordinary light poles. 
Somehow the lighting provokes a reaction with people 
and they will change behavior – that is fun”. Man in his 
30’s, (translated from Danish).  
 
Figure 13. Dance like behaviors observed on the square. 
Figure 12. Flow map of people moving over the square 
during the wind scenario, time: 21.30 – 22.00,                           
1. October 2013 
Figure 11. Vector map of people moving over the square 
during the adaptive light scenario, time: 21.30 – 22.00,          
24th September 2013 
Figur 11. En mand der er ved at undersøge hvordan trackingen virker, hvis man ikke 
viste bedr  ville man tro at han dansende
Vi havde store forventninger til smartphonescenariet, her kunne alle 
med en Android telefon frit downloade en applikation (app) og be-
stemme farve og opførsel på lyset. Denne form for interaktion mødte 
imidlertidig en modstand. Første modstand: Det er kun folk med An-
droid telefoner som kunne bruge appen. Vi observerede også at mange 
ikke vil bruge deres tid på at installere en app, når de går gennem byen 
om aftenen. For det tredje; Folk viste ikke at de kunne designe lyset på 
trods af de mange flyers, som var delt ud på de omkringliggende cafeer, 
TV  nyheder og det 15 meter bredde banner, som var hængt op og op-
lyst på pladsen. Ydermere observerede vi en casual attitude blandt en 
gruppe af de unge: Det var ikke ”cool” at beskæftige sig med farver og 
lysdesign på en telefon, derimod var det mere interessant at kunne im-
provisere med din krop på den urbane scene. Andre satte pris på at stå 
anonymt med en telefon og designe lyset i fred og ro. Således rummer 
mobil interaktion et potentiale for interaktion på flere niveauer, men 
før dette kan blive en integreret del af byens interaktionsritualer, skal 
der udvikles en mobilkultur, hvor folk lærer dette potentiale at kende. 
På sigt vil denne mulighed kunne specielt give værdi til borgerne i na-
bolaget, som kan styre deres pladsbelysning. En af de interviewede be-
skrev dette potentiale som: 
”Det er meget inspirerende at du kan gøre noget ved din by i dag. Så 
bliver byen vores by, i stedet for at være nogen andres by, som blev 
bygget for lang tid siden”…”Jeg synes bare at andet i byen er statisk 
og det er dette ikke. Jeg kan godt lide når der er noget som er nyt og 
anderledes i byen og dette ændrer sig, hvis det er tilladt for folk at de-
signe lyset – så er det altid anderledes (kvinde ca. 25 år.)
I det sidste scenarie blev en vindfølsom belysning testet. Generelt kun-
ne folk ikke forstå, hvad der styrede belysningen, men de var positive 
overfor belysningens dynamiske opførsler. Når intervieweren fortalte 
om vinden var den interviewede typisk overrasket og brugte begreber 
forbundet med naturen og poesi. Vi mener, at der er et stort potentiale 
Figur 12. Par igang med at designe deres lyssætning. 
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i at udforske nye følsomme forbindelser mellem naturens fænomener 
og pladsers belysning. På trods af de radikale ændringerne i lyset og 
den højere brugerkontakt observerede vi ingen uheld eller klager om 
utryghed under eksperimenterne, men disse initierende forsøg udfor-
drer vores eksisterende opfattelse af lys og byliv.
Konklusion
Vi kan konkludere at responsive belysningsstrategier i det offentlige 
rum, skaber nye kreative potentialer for sociale og æstetiske bylivs- 
former. Den responsive pladsbelysning tilbyder borgere og forbipasse-
rende nye værktøjer til at engagere sig i byens liv. Vi kan konkludere at 
borgere bruger den responsive belysning som en slags scenebelysning 
til at udtrykke sig selv, og at denne teknologi kan bruges til stimulere 
leg og kreativitet i byen. Men vi kan også observere at i tider med kolde 
temperaturer, er folk ikke motiveret til at stoppe og engagere sig i belys-
ningen. Ligeledes har den dynamiske belysning også æstetiske poten-
tialer for folk der observerer belysningen fra kanten af pladsen. Ekspe-
rimenterne viser samtidig at mobilinteraktion med gadelyset rummer 
nye muligheder for ejerskab til byens rum og en mere varieret inter- 
aktion.  Eksperimenterne viser potentialer for energibesparelser op til
90% (hvid aura Gl. Torv), men på nuværende tidspunkt er belysningen 
styret af  et større kraftcenter med 4 computere, derfor vil derfor vil en 
autonom løsning være en del af vores fremtidige forskningsområder. 
Denne teknologi vil stille krav til hver del af den cykliske model. Dette 
betyder at nye studier i agentbaseret lysstyring, lysdesign, sensortekno-
logi og byliv skal udvikles og undersøge som en del af en ny agentbase-
ret belysningsstrategi. Projektet åbner også muligheden for at have flere 
farver som indeholder forskellige betydninger, ex. en signalfarve, der 
viser grøn bølge i trafikken, viser luftkvalitet eller centrale stier i byen 
etc. Vi anbefaler at disse forsøg udføres i fysiske miljøer, hvor energibe-










0 20 40 60
Meters
(a) One minute trajectories for two persons









0 20 40 60
Meters
(b) Two minute trajectories, with one person
showing a distinct path towards the Bank lo-









0 20 40 60
Meters
(c) One hour velocity map of the activity that
clearly demonstrates the used of the square.
Especially, the use of the pathway from the
subway to and from the main train station and
the city center.
Figure 8: Estimated velocities vectors for people on the square.
2.4 Interactive illumination design
To approach a responsive light design of an urban square calls
for a creative process similar to that needed in the development of
architectural space. In ad ition, we need to develop tools to provide
creative techniques where interactive scenarios can be sketched and
evaluated in a creative and intuitive design process. To approach the
design challenge, a physical 1:50 model of the square was devel-
oped. Simple white LEDs were used to represent the lamps, and,
by using video input recorded on-site by the thermal cameras, we
could test how different illumination designs would unfold on the
square. In this way, we c uld simulat the light design using real-
life video feeds and evaluate response times, rhythms and the place-
ment of the lamps. When designing interactive illumination for a
square, there are multiple factors affecting the formalized lighting,
and the illumination becomes a result of many variables including
security, social space, functionality, aesthetics, and energy. When
these are merged together in a layered model, one can develop more
or less interactive or playful light strategies, which still fulfill func-
tional and aesthetic requirements.
2.5 Interactive lighting strategy
To ensure a persistent minimum illumination of the square when
there were no occupants, w divided the illumination design into
an ambient contribution and an effect contribution, which are later
summarized into the final illumination.
2.5.1 Ambient Illumination
The ambient illumination is used to ensure that the square is illu-
minated when there are no occupants. We followed the hypothesis
that a minimum of light is necessary to ensure that people feel that
it is secure to enter the square. In the experiment, we worked with
two ambient light scenarios:
1. A global minimum; all lamps are dimmed down equally o
10% of the full intensity.
2. Ember; the light slowly fades up and down between 0 to 20%
in a random pattern.
2.5.2 Effect illumination
Effect illumination is the response that occur if an event takes
place at the square. The event is detected by the computer vision
analysis that in turn controls what light response to give according
to the activity on the square. One can design a range of different
complicated, banal or playful scenarios depending on the level of
occupancy, velocity, climate, time of day etc. In this initial experi-
ment, we tested the following two effects:
1. Light circle; as an illuminated aura around the occupants the
localized light would secu e an illuminated circle on min. 10
meter in diameter. This would allow the occupant to per-
ceive variations in pavement and the face of people passing
by, which in turn facilitate a secure navigation and travel over
the square.
2. Light wave; As a playful illumination scenario we designed
a treasure hunt scena io where two of the lights on the square
indicate (blue light) the position of a trigger causing a wave
of white light to travel over the square. After 10 seconds, a
new blue light will emerge in another location. The hypoth-
esis was to make a playful illumination that engaged people
in playful and creative situations.
2.5.3 Final illumin tion
Summarizing the intensities from the ambient and effect illumi-
nation gives the light emitted from each lamp. If the sum of the
two exceeds its maximum, the effect is truncated to 100%. The
ambient illumination is active when no one is occupying the ac-
tual space. This, however, does not mean that the square is not
experienced. Typically, it will be observed from a distance, a bal-
cony, a living room, cafe etc. The illumination can then, with very
low power consumptio , make light patterns that are embracing,
inspiring, scary, natural or just neutral depending on the design
intentions. However, when people enter the space effect lighting
strategies will secure a suitable illumination that potentially address
security, aesth tics a d social requirements.
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Figur 13. Billeder af tracking fra Gl. Torv. Fra venstre: To personer går over plads n (1 minut). Midten viser 2 minutters 
registrering. Til højre bevægelsesmønstre for en time. Se flere kort i de vedhæftede publikationer.
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